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(57) Abstract: Simultaneously amplified optical sig- 
nals of first through n-th bands are attenuated appropri- 
ately by an optical variable attenuator (3) in accordance 
with the attenuation of an optical fiber connected to the 
input of an optical amplification repeater, demultiplexed 
into the respective bands by means of an optical demul- 
tiplexer (2). amplified by fixed gain optical amplifiers (4a, 
4b) having a high fixed gain for each band, and multi- 
plexed by an optical multiplexer (7) before being output- 
ted to a transmission line .A monitoring optical demulti- 
plexer (5) extracts a part of the optical powder of a spe- 



cific monitoring light and delivers it to a variable attenu- 
ator control circuit (6) in order to control the attenuation 
of the optical variable attenuator (3) such that the optical 
powder of the monitoring light may be constant. Since 
the gain of the optical amplification repeater at a spec- 
ified wavelength is determined, the gains at the other 
wavelengths are fixed so long as a homogeneous me- 
dium is employed as an optical amplification medium, 
and therefore an optical amplification repeater having a 
gain insusceptible to variation in the number of wave- 
lengths can be provided. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an optical am- 5 
plifying repeater apparatus implemented by using as a 
repeater an optical amplifier which is constituted by em- 
ploying an optical fiber doped with laser activating sub- 
stance (s) such as rare-earth element(s), transition met- 
als) or the like and also relates to an optical amplifying/ 10 
repeating transmission system in which the optical am- 
plifying repeater apparatuses are made use of. 

BACKGROUND TECHNIQUES 

15 

[0002] When compared with the conventional optical 
repeater having 3R (Reshaping. Retiming, Regenerat- 
ing) functions known heretofore, the optical fiber ampli- 
fier has desirable features such as independency on the 
transmission rate, susceptibility to simplified implemen- 20 
tation of the repeater, possibility of implementation with 
large capacity owing to the wavelength multiplexing ca- 
pability and others. Thus, the optical fiber amplifier is 
expected to promise a key component which is capable 
of enhancing flexibility of the optical communication sys- 25 
tern. In particular, in an optical network in which the 
wavelength multiplexing technique is adopted, it is pos- 
sible to achieve remarkable economization. 
[0003] As the conventional or prior art optical ampli- 
fying repeater apparatus of the type mentioned above. 30 
there can be mentioned, for example, the one disclosed 
in "OPTICAL AMPLIFIERS AND THEIR APPLICA- 
TION". PP. 280-283. 1998. Figure 12 is a block diagram 
showing the prior art optical amplifying repeater appa- 
ratus disclosed in the above-mentioned publication. 35 
[0004] In Fig. 12. reference numerals 1; 4 denote op- 
tical amplifiers each of fixed gain type for amplifying en 
bloc light signals of wavelengths XI to Xn, numeral 3 
denotes an adjustable optical attenuator, numeral 77 
denotes an optical branching device for extracting a part "^o 
of output power, numeral 6 denotes an optical attenuator 
control circuit for controlling the adjustable optical atten- 
uator, numerals 501; 506 denote optical amplifiers, re- 
spectively, each implemented by making use of an er- 
bium-doped fiber or the like, numerals 502 and 507 de- '^5 
note pumping light sources, respectively, numerals 503, 
504. 508 and 509 denote optical branching devices for 
extracting parts of power of the light signals inputted 
thereto, respectively, and reference numerals 505 and 
510 denote pumping light source control circuits for con- 50 
trolling the pumping light sources, respectively. 
[0005] Next, description will be made of operation of 
the optical amplifying repeater apparatus. The wave- 
length-multiplexed light signals a1 to /.n as inputted are 
first amplified by the fixed-gain optical amplifier 1 with a 55 
predetermined gain GO and subsequently undergo at- 
tenuation with a predetermined attenuation factor 
through the adjustable optica! attenuator 3. The wave- 
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length-multiplexed light signals outputted from the ad- 
justable optical attenuator 3 are again amplified by the 
fixed-gain optical amplifier 4 with a predetermined gain 
Gl to be ultimately outputted by way of the optical 
branching device 77. In that case, a part of the output 
signal is extracted through the optical branching device 
77 and detected by the optical attenuator control circuit 
6, which circuit is so designed as to control the factor of 
attenuation effectuated by the adjustable optical atten- 
uator 3 so that the part of the output light signal extracted 
through the optical branching device 77 assumes a pre- 
determined value. In this manner, the overall ortotal out- 
put power of the optical amplifying repeater apparatus 
is maintained at a constant value. In the case where the 
number of the wavelengths is constant, the output pow- 
ers of the respective wavelengths can be maintained 
constant on a wavelength-by-wavelength basis, render- 
ing it possible to realize ideal operation. 
[0006] At this juncture, operation of the fixed-gain op- 
tical amplifier 1 will be described in detail. Input/output 
powers to/from the fixed-gain optical amplifier 1 are 
monitored through the optical branching devices 503 
and 504. respectively, wherein the pumping light source 
control circuit 505 controls the pumping light source 102 
such that the ratio between the input and output powers 
of the fixed-gain optical amplifier can be maintained to 
be constant. In this way. the gain of the fixed-gain optical 
amplifier 1 is held constant. Similar operation is per- 
formed for the fixed-gain optical amplifier 4 as well. 
[0007] Furthermore, Fig. 13 shows in a block diagram 
another prior art optical amplifying repeater apparatus 
which is disclosed, for example, in "OPTICAL AMPLIFI- 
ERS AND THEIR APPLICATIONS". MD1. 1998. This 
optical amplifying repeater apparatus is so arranged as 
to perform not only amplification of the light signals of 
wavelengths /J to /.h but also gain control for the optical 
repeater on the basis of monitoring information carried 
by a monitoring light signal \s sent from terminal equip- 
ment. In Fig. 13. reference numeral 11 denotes an opti- 
cal branching device for separating the monitoring light 
signal /.s from the light signals of wavelengths k^ to Xn. 
and reference numeral 1 7 denotes a monitoring light re- 
ceiver. 

[0008] Next, description will turn to operation of the 
optical amplifying repeater apparatus described above. 
The wavelength-multiplexed light signals '/A to kr\ as in- 
putted are first amplified by the fixed-gain optical ampli- 
fier 1 with a predetermined gain GO to subsequently un- 
dergo attenuation with a predetermined attenuation fac- 
tor through the adjustable optical attenuator 3. The 
wavelength-multiplexed light signals outputted from the 
adjustable optical attenuator 3 are again amplified by 
the fixed-gain optica! amplifier 4 with a predetermined 
gain G1 to be outputted via the optical branching device 
77. A part of the output signal is extracted through the 
optical branching device 77 and detected by the optical 
attenuator control circuit 6. which circuit is also so de- 
signed as to control the attenuation effectuated by the 
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adjustable optical attenuator 3 so that the part of the out- 
put signal extracted through the optical coupling device 
77 assunnes a predetermined value. In this manner, the 
overall total output power of the optical amplifying re- 
pealer apparatus is maintained at a constant value or 
level. So long as the number of the wavelengths is con- 
stant, the output powers of the respective wavelengths 
can be maintained constant on a wavelength-by-wave- 
length basis, whereby ideal operation can be ensured. 
The information about the number of wavelengths is 
contained in the monitoring information carried by the 
monitoring light signal ks sent out from the terminal 
equipment and thus inputted to the optical attenuator 
control circuit 6 after reception by the monitoring light 
receiver 17. 

[0009] In the optical amplifying repeater apparatus of 
the structures described above, a part of the total output 
power is extracted by the optical branching device 77 
for the purpose of controlling the adjustable optical at- 
tenuator 3 so that the output power can be maintained 
to be constant. As a result of this, very troublesome pro- 
cedure is required for coping with increase or decrease 
of the number of wavelengths. More specifically, be- 
cause the total output power of the optical amplifying 
repeater apparatus depends on the number of wave- 
lengths, there arises necessity of messaging in advance 
to the optical attenuator control circuit 6 the value which 
the light power extracted through the optical branching 
device 77 is to assume, when the number of wave- 
lengths is changed. Consequently, in the case where 
one of the wavelength-multiplexed light signals of wave- 
lengths k^ to Xn is not transmitted due to some failure 
in sender equipment, by way of example, the messaging 
procedure such as mentioned above will not be in time 
for coping with the change of the number of wave- 
lengths, thus bringing about corresponding changes in 
the powers of the other wavelengths, which of course 
will exert adverse influence to the quality of communi- 
cation. 

[0010] An object of the present invention is to solve 
the problem such as mentioned above and to provide 
an optical amplifying repeater apparatus which can pos- 
itively protect the quality of communication from being 
degraded even when the powers of the other wave- 
lengths change and further provides an optical amplify- 
ing/repeating transmission system which can maintain 
the systemgain to be constant independently of the light 
signal power as inputted or the number of wavelengths 
thereof. 

DISCLOSURE OF THE INVENTION 

[0011] An optical amplifying repeater apparatus 
which the present invention concerns includes an input 
port to which a plurality of light signals multiplexed in 
wavelength are inputted, a first fixed-gain optical ampli- 
fier for amplifying the wavelength-multiplexed light sig- 
nals inputted through the input port with a predeter- 



mined gain, an adjustable optical attenuator for attenu- 
ating the wavelength-multiplexed light signals by a pre- 
determined factor after amplification through the first 
fixed-gain optical amplifier, an optical demultiplexer for 

5 demultiplexing the wavelength-multiplexed light signals 
outputted from the adjustable optical attenuator into a 
plurality of individual light signals of discrete wave- 
lengths, respectively, fixed-gain optical amplifiers #1 ; #n 
for amplifying the plurality of individual wavelength-de- 

10 multiplexed light signals outputted from the optical de- 
multiplexer with a predetermined gain, a monitoring light 
branching device connected to one of outputs of the sec- 
ond fixed-gain optical amplifiers #1; #n for extracting a 
part of a specific monitoring light signal, an optical mul- 

15 tiplexer for multiplexing the individual light signals out- 
putted from the second fixed-gain optical amplifiers #1 : 
#n. respectively, for thereby outputting multiplexed light 
signals, and an adjustable attenuator control circuit for 
detecting output power of the monitoring light branching 

20 device to thereby control the attenuation factor of the 
optical attenuator so that the detected output power as- 
. sumes a constant value. 

[001 2] Further, an optical amplifying repeater appara- 
tus which the present invention concerns includes an 

25 input port to which a plurality of light signals multiplexed 
in wavelength are inputted, a first fixed-gain optical am- 
plifier for amplifying the wavelength-multiplexed light 
signals inputted through the input port with a predeter- 
mined gain, an optical demultiplexer connected to out- 

30 put of the first fixed-gain optical amplifier for demulti- 
plexing the wavelength-multiplexed light signals into a 
plurality of individual light signals of respective wave- 
lengths, adjustable optical attenuators #1; #n for atten- 
uating the outputs of the optical demultiplexers, respec- 

35 tively, by a predetermined factor, fixed-gain optical am- 
plifiers #1 : #n for amplifying the plurality of light signals 
outputted from the adjustable optical attenuators with a 
predetermined gain, monitoring light branching devices 
connected to outputs of the fixed-gain optical amplifiers 

40 #1 ; #n for extracting parts of specific monitoring light sig- 
nals #1 ; #n, respectively, an optical multiplexer for mul- 
tiplexing the outputs of the fixed-gain optical amplifiers 
#1: #n to thereby output multiplexed light signals, and 
adjustable attenuator control circuits #1 : #n for detecting 

45 output powers of the monitoring light branching devices 
to thereby control the attenuation factor of the optical 
attenuators so that each of the detected output powers 
assumes a constant value. 

[0013] In the optical amplifying repeater apparatus 
50 described above, the first fixed-gain optical amplifier in- 
cludes an optical fiber serving as a transmission line, a 
pumping light source for inducing stimulated Raman 
amplifying action internally of the optical fiber in wave- 
length bands of the plurality of wavelength-multiplexed 
55 light signals, and an optical coupling device for coupling 
the output of the pumping light source with the plurality 
of wavelength-multiplexed light signals. 
[0014] Further, in the optical amplifying repeater ap- 
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paratus described above, the first fixed-gain optical am- 
plifier includes an optical fiber doped with a rare-earth 
elennent or alternatively a transition metal, a pumping 
light source for Inducing amplifying action under stimu- 
lated emission internally of the optical fiber in wave- 5 
length bands of the plurality of wavelength-multiplexed 
light signals, and an optical coupling device for coupling 
the output of the pumping light source with the plurality 
of wavelength-multiplexed light signals, wherein the op- 
tical fiber doped with the rare-earth element or alterna- io 
tively the transition metal is operative in an unsaturated 
region. 

[0015] Further, in the optical amplifying repeater ap- 
paratuses described above, the fixed-gain optical am- 
plifier #1; #n includes an optical amplifying unit com- is 
posed of an optical fiber doped with a rare-earth element 
or alternatively a transition metal and a pumping light 
source for stimulating the rare-earth element or alterna- 
tively the transition metal to thereby bring about stimu- 
lated emission, a compensating light source for gener- 20 
ating compensating light having a wavelength within an 
amplified wavelength band of the optical amplifying unit, 
an compensating light coupling device for coupling the 
compensating light with the plurality of wavelength-mul- 
tiplexed light signals, a compensating light branching 25 
device for separating mutually the compensating light 
and the plural wavelength-multiplexed light signals con- 
tained in the output of the optical amplifying unit, and a 
compensating light control circuit for controlling output 
power of the compensating light source such that ratio 30 
between power of the compensating light outputted from 
the compensating light branching device and power of 
the compensating light outputted from the compensat- 
ing light source assumes a predetermined standard val- 
ue. 35 
[0016] Furthermore, in the optical amplifying repeater 
apparatuses described above, the fixed-gain optical 
amplifier #1 ; #n includes an optical amplifying unit com- 
posed of an optical fiber doped with a rare-earth element 
or alternatively a transition metal and a pumping light -^o 
source for stimulating the rare-earth element or alterna- 
tively the transition metal to thereby bring about stimu- 
lated emission, and a compensating light control circuit 
for controlling output power of the compensating light 
source such that power of spontaneously emitted light 45 
outputted from the optical amplifying unit assumes a 
predetermined standard value. 

[0017] Furthermore, in the optical amplifying repeater 
apparatuses described above, the fixed-gain optical 
amplifier #1; #n includes an adjustable optical attenua- 50 
tor #1'; #n* inserted at an input or output side, whereby 
a means for changing the attenuation factor of the ad- 
justable optical attenuator #1"; #n' in dependence on 
ambient temperature is implemented. 

[0018] Additionally, an optical amplifying/repeating 55 
transmission system which the present invention con- 
cerns includes a plurality of transmitters for sending out 
light signals of wavelengths differing one another and 
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carrying information, a plurality of receivers for receiving 
the plurality of light signals of mutualJy different wave- 
lengths, and a plurality of optical repeaters installed be- 
tween the transmitters and the receivers for amplifying 
the plurality of light signals, and optical fibers intercon- 
necting the transmitters and the optical repeater, the plu- 
rality of optical repeaters, and the optical repeater and 
the receivers, respectively, wherein the optical amplify- 
ing/ repeating transmission system further Includes a 
control signal superposing means for superposing a 
control signal of a specific frequency onto one of the plu- 
ral light signals, a control signal level detecting means 
connected to the output of the optical repeater for ex- 
tracting a part of output power of the optical repeater to 
thereby detect powerofthe control signal, and an optical 
repeater gain control means for controlling gain of the 
optical repeater so that level of the control signal detect- 
ed by the control signal level detecting means remains 
constant. 

[0019] Moreover, an optical amplifying/repeating 
transmission system which the present invention con- 
cerns includes a plurality of transmitters for sending out 
light signals of wavelengths differing one another and 
carrying information, a plurality of receivers for receiving 
the plurality of light signals of mutually different wave- 
lengths, and a plurality of optical repeaters installed be- 
tween the transmitters and the receivers for amplifying 
the plurality of light signals, and optical fibers intercon- 
necting the transmitters and the optical repeater, the plu- 
rality of optical repeaters, and the optical repeater and 
the receivers, respectively, wherein the optical amplify- 
ing/ repeating transmission system further includes a 
control signal generating means for modulating one of 
the plural light signals with a control signal of a specific 
frequency, a control signal level detecting means con- 
nected to the output of the optical repeater for extracting 
a part of output power of the optical repeater to thereby 
detect powerofthe control signal, and an optical repeat- 
er gain control means for controlling gain of the optical 
repeater so that level of the control signal detected by 
the control signal level detecting means remains con- 
stant. 

[0020] Besides, an optical amplifying/repeating trans- 
mission system which the present invention concerns 
includes a plurality of transmitters for sending out light 
signals of wavelengths differing one another and carry- 
ing information, a plurality of receivers for receiving the 
plurality of light signals of mutually different wave- 
lengths, and a plurality of optical repeaters installed be- 
tween the transmitters and the receivers for amplifying 
the plurality of light signals, and optical fibers Intercon- 
necting the transmitters and the optical repeater, the plu- 
rality of optical repeaters, and the optical repeater and 
the receivers, respectively, wherein the optical amplify- 
ing/ repeating transmission system includes a control 
signal superposing meansfor superposing a control sig- 
nal of a specific frequency onto one of the plural light 
signals, a control signal level detecting means connect- 
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ed to the output of the optical repeater for extracting a 
part of output power of the optical repeater to thereby 
detect power of the control signal, and an optical repeat- 
er gain control means for controlling gain of the optical 
repeater so that level of the control signal detected by 
the control signal level detecting means remains con- 
stant, a monitor signal transmitting means for supplying 
transmission level of the control signal to the optical re- 
peater, and a monitor/control means for receiving a 
monitoring signal supplied from the monitor signal trans- 
mitting means to thereby enable the optical repeater 
gain control means to operate when the level of the con- 
trol signal is normal while disabling operation of the op- 
tical repeater gain control means with the gain thereof 
being held when the level of the control signal is abnor- 
mal. 

[0021] Besides, an optical amplifying/repeating trans- 
mission system according to the present invention in- 
cludes a plurality of transmitters for sending out light sig- 
nals of wavelengths differing one another and carrying 
information, a plurality of receivers for receiving the plu- 
rality of light signals of mutually different wavelengths, 
and a plurality of optical repeaters installed between the 
transmitters and the receivers for amplifying the plurality 
of light signals, and optical fibers interconnecting the 
transmitters and the optical repeater, the plurality of op- 
tical repeaters, and the optical repeater and the receiv- 
ers, respectively, wherein the optical amplifying/ repeat- 
ing transmission system further includes a control signal 
generating means for modulating one of the plural light 
signals with a control signal of a specific frequency, a 
control signal level detecting means connected to the 
output of the optical repeater for extracting a part of out- 
put power of the optical repeaterto thereby detect power 
of the control signal, and an optical repeater gain control 
means for controlling gain of the optical repeater so that 
level of the control signal detected by the control signal 
level detecting means remains constant, a monitor sig- 
nal transmitting means for supplying transmission level 
of the control signal to the optical repeater, and a mon- 
itor/control means for receiving a monitoring signal sup- 
plied from the monitor signal transmitting means to 
thereby enable the optical repeater gain control means 
to operate when the level of the control signal is normal 
while disabling operation of the optical repeater -gain 
control means with the gain thereof being held when the 
level of the control signal is abnormal. 
[0022] In the optical communication system de- 
scribed above, the optical repeater gain control means 
is composed of an adjustable optical attenuator and a 
means for controlling the adjustable optical attenuator. 
[0023] Further, in the optical communication system 
described above, the control signal has a frequency 
higher than 100 kHz inclusive thereof. 
[0024] Furthermore, in the optical communication 
system described above, the monitoring signal has a 
wavelength shorter than those sent out from the plurality 
of transmitters. 



[0025] Moreover, an optical amplifying repeater appa- 
ratus for amplifying a plurality of wavelength-multi- 
plexed light signals according to the present invention 
includes a first fixed-gain optical amplifier for amplifying 
5 a plurality of wavelength-multiplexed light signals input- 
ted thereto with a predetermined gain, a control light sig- 
nal branching device for extracting a part of power of a 
control wavelength contained in the output of the first 
fixed-gain optical amplifier, an adjustable optical atten- 
10 uator for attenuating the output of the first fixed-gain op- 
tical amplifier by a predetermined factor, an adjustable 
attenuator control circuit for detecting output power of 
the control light signal branching device to thereby con- 
trol the attenuation factor of the adjustable optical atten- 
ds uator so that the detected output power remains con- 
stant, and a second fixed-gain optical amplifier connect- 
ed to output of the adjustable optical attenuator for am- 
plifying the plural wavelength-multiplexed light signal in- 
putted to the second fixed-gain optical amplifier with a 
20 predetermined gain. 

[0026] In the optical amplifying repeater apparatus 
described above further includes an output breaking cir- 
cuit for stopping amplifying function of the second fixed- 
gain optical amplifier upon detection of disappearance 
25 of output of the control light signal branching device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

30 

Figure 1 is a block diagram showing a configuration 
or structure of an optical amplifying repeater appa- 
ratus according to a first embodiment of the present 

invention, 

35 Figure 2 is a block diagram showing a structure of 

an optical amplifying repeater apparatus according 
to a second embodiment of the invention. 
Figure 3 is a block diagram showing a structure of 
an optical amplifying repeater apparatus according 

40 to a third embodiment of the invention. 

Figure 4 is a block diagram showing a structure of 
an optical amplifying repeater apparatus according 
to a fifth embodiment of the invention. 
Figure 5 is a block diagram showing a structure of 

"ts an optical amplifying repeater apparatus according 

to a sixth embodiment of the invention. 
Figure 6 is a block diagram showing a structure of 
an optical amplifying repeater apparatus according 
to a seventh embodiment of the invention. 

50 Figure 7 is a view for illustrating energy levels of a 

doped fiber. 

Figure 8 is a block diagram showing a configuration 
or structure of an optical amplifying/repeating trans- 
mission system according to an eighth embodiment 
55 of the invention, 

Figure 9 is a block diagram showing a structure of 
an optical amplifying/repeating transmission sys- 
tem according to a ninth embodiment of the inven- 
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tion. 

Figure 10 is a block diagram showing a structure of 
an optical amplifying repeater apparatus according 
to a twelfth embodiment of the invention, 
Figure 11 is a block diagram showing a structure of 
an optical amplifying repeater apparatus according 
to a thirteenth embodiment of the invention. 
Figure 12 is a block diagram showing a structure of 
a conventional optical amplifying repeater appara- 
tus known heretofore, and 

Figure 13 is a block diagram showing a structure of 
another conventional optical amplifying repeater 
apparatus. 

BEST MODES FOR CARRYING OUTTHE INVENTION 

Embodiment 1 

[0028] Figure 1 is a block diagram showing a config- 
uration or structure of an optical amplifying repeater ap- 
paratus according to a first embodiment of the present 
invention. In Fig.1. reference numeral 1 denotes a first 
fixed-gain optical amplifier, numeral 2 denotes an optical 
demultiplexer, numeral 3 denotes an adjustable optical 
attenuator, numerals 4a; 4b denote fixed-gain optical 
amplifiers #1-#n. numeral 5 denotes a monitoring light 
branching device, numeral 6 denotes an adjustable at- 
tenuator control circuit, and reference numeral 7 de- 
notes an optical multiplexer. 

[0029] Next, operation of the optical amplifying re- 
peater-apparatus will be described. Referring to Flg.1. 
the first fixed-gain optical amplifier 1 is designed to am- 
plify wavelength-multiplexed light signals of n bands, i. 
e.. wavelengths k^^ to }An (first band). /.21 to /.2n. (sec- 
ond band) ^nl to Xnn (n-th band) with a predeter- 
mined gain. 

[0030] In the present state of the art. such a system 
has already been developed for practical applications in 
which two bands, e.g. a first band of 1530 to 1560 nm 
and a second band of 1570 to 1600 nm. are made avail- 
able each for transmitting 32 light waves. As the first 
fixed-gain optical amplifier 1 , a fiber amplifier doped with 
erbium or the like can be employed. The light signals of 

the first to n-th bands (#1 #n) amplified en bloc by 

the first fixed-gain optical amplifier 1 are then attenuated 
by the adjustable optical attenuator 3 properly in con- 
formance to the attenuation which these light signals 
has undergone during transmission through an optical 
fiber connected to an input port of the optical amplifying 
repeater apparatus to be subsequently separated or 
multiplexed into respective bands by means of the op- 
tica! demultiplexer 2. The light signals of the discrete 
bands resulting from the demultiplexing operation of the 
optical demultiplexer 2 are then amplified on a band-by- 
band basis by the fixed-gain optical amplifiers #1 to #n. 
respectively, each of which has a high fixed gain, to be 
subsequently multiplexed by means of the optical mul- 
tiplexer 7. the output of which is sent onto a transmission 



line. 

[0031] The monitoring light branching device 5 serves 
to extract a monitoring light signal of a specific wave- 
length, e.g. a part of light power of the wavelength /win. 

5 which is then supplied to this adjustable attenuator con- 
trol circuit 6. In response to the monitoring light signal, 
the adjustable attenuator control circuit 6 controls the 
attenuation factor of the adjustable optical attenuator 3 
so that the light power of the wavelength /l1 n becomes 

10 constant. Through the operation mentioned above, the 
gain of the optical amplifying repeater apparatus for the 
particular or specific wavelength can be determined. Ac- 
cordingly, by employing as the optical amplifying medi- 
um a substantially homogeneous medium such as a 

15 semiconductor amplifier, an optical fiber doped with 
rare-earth element(s) or the like, the gain of the optical 
amplifying repeater apparatus for the other wavelengths 
can be fixed as well. Thus, there can be realized the 
optical amplifying repeater apparatus whose gain exhib- 

20 its essentially no dependency on the change of the 
number of wavelengths. In this conjunction, it is conceiv- 
able that for the purpose of further enhancing the accu- 
racy of the gain control described above, such a system 
may be adopted in which a tone signal of a specific fre- 

25 quency is superposed on the monitoring light signal, and 
the tone signal is extracted by an electric filter which is 
incorporated in the adjustable attenuator control circuit 
6 for the purpose of suppressing the influence of noise. 

30 Embodiment 2 

[0032] Figure 2 is a block diagram showing a config- 
uration of the optical amplifying repeater apparatus ac- 
cording to a second embodiment of the invention. In Fig. 

35 2. reference numeral 1 denotes a first fixed-gain optical 
amplifier, numeral 2 denotes an optical demultiplexer, 
numerals 3a: 3b denote adjustable optical attenuators 
#1-#n. respectively, numerals 4a; 4b denote fixed-gain 
optical amplifiers #1-#n, respectively, numerals 5a; 5b 

40 denote monitoring light branching devices #1-#n. re- 
spectively, numerals 6a: 6b denote adjustable attenua- 
tor control circuits #1 -#n . respectively, and reference nu- 
meral 7 denotes an optical multiplexer. 
[0033] Next, operation of the optical amplifying re- 

45 peater apparatus according to the instant embodiment 
will be described. Referring to Fig.2. the first fixed-gain 
optical amplifier 1 is designed to amplify wavelength- 
multiplexed light signals of n bands, i.e.. wavelengths 
/.II to >v1n (first band). >.21 to /.2n (second band) 

50 Ani to knn (n-th band) with a predetermined gain. 

[0034] The light signals of the first to n-th bands am- 
plified en bloc as described above are then demulti- 
plexed or separated into the respective bands and un- 
dergone proper attenuation through the adjustable op- 

55 tical attenuators 3a; 3b. respectively, whereon the indi- 
vidual light signals are amplified by the first to n-th fixed- 
gain optical amplifiers (#1 #n) each having a high 

fixed gain in the respective bands to be subsequently 
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multiplexed by the optical multiplexer 7 and then sent 
out onto the transmission line. The adjustable optical at- 
tenuators 3a: 3b (#1 #n) are employed for the pur- 
pose of compensating for deviations from the prescribed 
value of loss brought about during transmission through 
an optical fiber connected to the input port of the optical 
amplifying repeater apparatus, as described hereinbe- 
fore in conjunction with the first embodiment of the In- 
vention. 

[0035] More specifically, when the loss in the optical 
fiber connected to the input port of the optical amplifying 
repeater apparatus is smaller than the prescribed value 
by D [dB], the attenuation factor of the adjustable optical 
attenuators 3a: 3b, respectively, are set to D [dB]. In this 
conjunction, it is noted that in case the wavelength rang- 
es of the bands #1 #n are wide, there may arise such 

situation that the attenuation factors to be set for the ad- 
justable optical attenuator factors 3a: 3b (#1 #n). re- 
spectively, differ from one to another because the loss 
brought about during transmission through the optical 
fiber connected to the input port of the optical amplifying 
repeater apparatus will exhibit dependency on the 
wavelengths. Accordingly, in the case of the optical am- 
plifying repeater apparatus according to the second em- 
bodiment of the invention, there are provided the adjust- 
able optical attenuators 3a; 3b (#1. .... #n) in corre- 
spondence to the discrete bands (#1 #n), respec- 
tively. 

[0036] The monitoring light branching devices 5a; 5b 

(#1 #n) are each so designed as to extract specific 

monitoring light signals, e.g. parts of light power of the 
wavelengths /v1n Xnn, which are then fed to the ad- 
justable attenuator control circuits 6a; 6b (#1 . .... #n). re- 
spectively. The adjustable attenuator control circuits 6a; 
6b control the attenuation factors of the associated ad- 
justable optical attenuators 3a; 3b (#1 #n). respec- 
tively, so that the light powers of the specific wave- 
lengths k^n knn remain constant. Through the op- 
eration mentioned above, the gains of the optical ampli- 
fying repeater apparatus for the monitoring light wave- 
lengths /.1n knn in the specific band can be deter- 
mined. Thus, by employing as the optical amplifying me- 
dium a substantially homogeneous medium such as a 
semiconductor amplifier, an optical fiber doped with 
rare-earth element(s) or the like, the gains for the other 
wavelengths can be fixed. Thus, there can be imple- 
mented the optical amplifying repeater apparatus 
whose gain is essentially Insusceptible to the change in 
the number of the wavelengths. 

Embodiment 3 

[0037] Figure 3 Is a block diagram showing a config- 
uration or structure of an optical amplifying repeater ap- 
paratus according to a third embodiment of the inven- 
tion. In Fig. 3. reference numeral 8 denotes an optical 
fiber, numeral 9 denotes an optical coupling device and 
reference numeral 10 denotes a pumping light source. 



In the figure, components same as or equivalent to 
those of the optical amplifying repeater apparatus de- 
scribed previous by reference to Fig. 2 are denoted by 
like reference symbols, and description thereof is omit- 

5 ted- 

[0038] Operation of the optical amplifying repeater 
apparatus according to the instant embodiment will be 
described. In the optical amplifying repeater apparatus 
now under consideration, the pumping light source 10 

10 sends out pumping light injected to the optical fiber 8 by 
way of the optical coupling device 9 for effectuating the 
stimulated Raman amplification. Since the stimulated 
Raman amplifier is difficult to be subjected to gain sat- 
uration when compared with the semiconductor ampll- 

^5 fier and the optical fiber doped with rare-earth element 
(s) and is capable of performing substantially linear op- 
eration up to the output power substantially equal to the 
pumping light power, the stimulated Raman amplifier is 
the most suitable amplifying medium to be used as the 

20 first fixed-gain optical amplifier. Thus, ideal operation of 
the first fixed-gain optical amplifier 1 can be realized. 
Operations of the other components shown in Fig. 3 are 
similar to those of the optical amplifying repeater appa- 
ratus described hereinbefore in conjunction with the 

25 second embodiment of the invention. 

Embodiment 4 

[0039] The optical amplifying repeater apparatus ac- 

30 cording to the instant embodiment of the invention is im- 
plemented in substantially same structure as that of the 
third embodiment. Accordingly, repetitive description 
will be unnecessary. It should however be mentioned 
that the optical amplifying repeater apparatus according 

35 to the instant embodiment differ from the third embodi- 
ment in respect to the pumping light source 10. 
[0040] Operation of the optical amplifying repeater 
apparatus according to the instant embodiment will be 
described. According to the teaching of the invention in- 

'fo carnated in the Instant embodiment, the pumping light 
source 10 of sufficiently high rated power is employed 
so that the optical fiber 8 doped with rare-earth(s) or 
transition metal(s) is capable of performing amplifying 
operation in the unsaturated region under the effect of 

45 the stimulated emission in the wavelength bands of plu- 
ral wavelength-multiplexed light signals. The optical 
multiplexer 7 serves for optically coupling the plural 
wavelength-multiplexed light signals mentioned above 
with the output of the pumping light source 10. In this 

50 manner, by using the pumping light source 10 of suffi- 
ciently high output power, the gain of the optical ampli- 
fying repeater apparatus can be maintained to be es- 
sentially constant. 

55 Embodiments 

[0041] Figure 4 is a block diagram showing a config- 
uration of an optical amplifying repeater apparatus ac- 
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cording to a fourth embodiment of the invention. More 
specifically, this figure shows an exemplary structure of 
the fixed-gain optical amplifier #1 #n. In Fig.4. refer- 
ence numeral 61 denotes an optical isolator, numeral 
62 denotes an optical coupling device serving as a com- 
pensating light coupling device, numeral 63 denotes an 
optical fiber doped with rare-earth element(s) or transi- 
tion metal(s) (hereinafter referred to as the doped fiber), 
numeral 64 denotes an optical coupling device, numeral 
650 denotes an optical filter serving as a compensating 
light branching device for extracting the compensating 
light, numeral 66 denotes a photodetector. numeral 67 
denotes a compensating light control circuit, numeral 68 
denotes a compensating light source, numeral 69 de- 
notes a compensating light monitoring element, numer- 
al 70 denotes a compensating light source driving cir- 
cuit, numeral 71 denotes a pumping light source, nu- 
meral 72 denotes a pumping light monitoring element, 
and reference numeral 73 denotes a pumping light 
source driving circuit. 

[0042] Parenthetically, it is to be added that the doped 
fiber 63. the optical coupling device 64 and the pumping 
light source 71 cooperate to constitute an optical ampli- 
fying unit. 

[0043] Next, description will turn to operation of the 
apparatus. The doped fiber employed most convenient- 
ly as the fixed-gain optical amplifier #1 #n is likely to 

be saturated in the gain. Accordingly, in case the doped . 
fiber is used as the fixed-gain optical amplifier, some 
auxiliary circuit will have to be provided in association 
with the fixed-gain optical amplifier implemented by us- 
ing the doped fiber. Referring to the figure, the doped 
fiber 63 is supplied with pumping light of a constant level 
from the optical multiplexer 7 through the medium of the 
optical coupling device 64. Operation for maintaining the 
pumping light at a constant level can easily be achieved 
by monitoring the output power of the pumping light 
source by means of the pumping light monitoring ele- 
ment 72 and controlling appropriately the level of the 
driving current for the pumping light source by means of 
the pumping light source driving circuit 73. 
[0044] The compensating light emitted from the com- 
pensating light source 68 is injected into the doped fiber 
63 through the optical coupling device 62. The compen- 
sating light branching device 650 serves for extracting 
or filtering out the amplified compensating light output- 
ted from the doped fiber 63. wherein the output of the 
compensating light branching device is supplied to the 
photodetector 66. The output of the photodetector 66 in 
turn is fed to the compensating light control circuit 67 for 
the purpose of controlling the compensating light source 
driving circuit 70 so that the ratio between the monitored 
level outputted from the compensating light monitoring 
element 69 and that of the photodetector 66 remains 
constant. Through the operation described above, the 

gain of the fixed-gain optical amplifiers #1 #n at the 

wavelength of the compensating light can be regulated 
to be constant. Thus, for the fixed-gain optical amplifier 



1 having the homogeneous character-istics. constant 
gain can be ensured for all the wavelength bands for 
amplification. 

5 Embodiment 6 

[0045] Figure 5 is a block diagram showing a config- 
uration of an optical amplifying repeater apparatus ac- 
cording to a sixth embodiment of the invention. More 
10 specifically, this figure shows an exemplary structure of 
the fixed-gain optical amplifier #1 or #n. In Fig.5. ref- 
erence numeral 651 denotes an optical filter for extract- 
ing or filtering out spontaneously emitted light from the 
doped fiber in a predetermined wavelength band. Inci- 
15 dentally, in Fig.5. components same as or equivalent to 
those mentioned hereinbefore in conjunction with the 
optical amplifying repeater apparatus shown in Fig.4 are 
denoted by like reference symbols and description 
thereof is omitted. 
20 [0046] In operation, the optical filter 651 filters out the 
spontaneously emitted light from the doped fiber 63 in 
a predetermined wavelength band, the output of the op- 
tica! filter 651 being inputted to the photodetector 66. In 
the case of the fixed-gain optical amplifier according to 
25 the instant embodiment, the compensating light control 
circuit 67 is so designed as to control the compensating 
light source driving circuit 70 so that the output of the 
photodetector 66 is maintained to be constant, in gen- 
eral, the gain of the doped fiber 63 is in proportion to the 
30 power of spontaneously emitted light. Thus, with the ar- 
rangement described above, constant gain can be en- 
sured independently of the number of the signal wave- 
lengths injected or inputted to the doped fiber 63. 

35 Embodiment 7 

[0047] Figure 6 is a block diagram showing a config- 
uration of the optical amplifying repeater apparatus ac- 
cording to a seventh embodiment of the invention. More 

40 specifically, this figure shows an exemplary structure of 
the fixed-gain optical amplifier #1 #n. In Fig. 6. refer- 
ence numeral 77 denotes adjustable attenuator and nu- 
meral 78 denotes an adjustable attenuator control cir- 
cuit. In Fig. 6, components same as or equivalent to 

45 those mentioned hereinbefore in conjunction with the 
optical amplifying repeater apparatus shown in Fig.4 are 
denoted by like reference symbols and description 
thereof is omitted. 

[0048] Figure 7 is an energy level diagram of a doped 
50 fiber. At first, description will be made of the temperature 
dependence characteristic(s) of the gain of the doped 
fiber 63. The gain of the doped fiber is in proportion to 
density difference between the pumped or stimulated 
state or level at which the laser transition takes place 
55 and the ground state level. In general, the stimulated 
state level and the ground state level can each be divid- 
ed finely into sublevels in view of the Stark effect. 
[0049] Referring to Fig. 7. the temperature dependen- 
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cy of the gain for the longest wave is considered. The 
gain for the longest wave is determined by the density 
difference between the lowest energy sublevei in the 
pumped or excited state and the highest energy sublev- 
ei in the ground state. Since the density distribution be- 
tween these sublevels is determined by the Boltzmann's 
distribution, the gain for the longest wave Is tow when 
temperature is high while it is high when the temperature 
is low. Thus, the temperature dependency of the gain- 
wavelength characteristic becomes remarkable for the 
longest wave in a given band. 

[0050] Turning back to Fig. 6. with a view to compen- 
sating for the temperature dependency of the gain de- 
scribed above, the adjustable attenuator control circuit 
78 is designed to control the attenuation factor of the 
adjustable attenuator 77 such that it is set to a small 
value at a high temperature while being set to a large 
value at a low temperature. As a result of this, the gain 
of the doped fiber 63 for the longest wave decreases as 
the temperature increases while the former increases 
as the latter decreases, whereby the gain-wavelength 
characteristic in the longest wave region can be main- 
tained to be substantially constant. Besides, the abso- 
lute value of the gain can be held essentially constant 

Embodiment 8 

[0051] Figure 8 is a block diagram showing a config- 
uration of an optical amplifying/repeating transmission 
system according to an eighth embodiment of the inven- 
tion. In Fig. 8. reference numerals 101a; 101b denote 
terminal stations, numerals 102a: 102b denote optical 

repeaters, respectively, numerals 103a 103c denote 

optica! fibers, respectively, numerals 104 106 de- 
note senders or transmitters, respectively, numeral 107 
denotes an optical multiplexer, numeral 108 denotes a 
remote monitor/control circuit sen/ing as a control signal 
generating means or a control signal superposing 
means, numerals 112; 114 denote fixed-gain optical am- 
plifiers, respectively, numeral 113 denotes an adjustable 
optical attenuator, numeral 115 denotes an optical filter 
or optical branching device serving as a control signal 
level detecting means, numeral 116 denotes an adjust- 
able optical attenuator control circuit serving as an op- 
tical repeater gain control means, numeral 123 denotes 
an optical demultiplexer, and reference numerals 

124 126 denote receiving equipment or receivers. 

[0052] Next, description will turn to operation of the 
optical amplifying/repeating transmission system. At the 
terminal station 101a. a plurality of transmitters 104. ... 
106 serve for converting the information to be transmit- 
ted into light signals k^ /.n. which then undergo 

wavelength-multiplexing operation through the optical 
multiplexer 107 to be sent out onto the optical fiber 103a. 
The remote monitor/control circuit 108 serves to modu- 
late the light intensity of the output of the transmitter 1 06 
with a specific frequency fs. To this end. the modulation 
factor (percentage modulation) Is ordinarily set at sev- 



eral percent or lower so that no adverse influence is ex- 
ecuted to the input port. At the optical repeater 102a, 
the received wavelength-multiplexed signal is first am- 
plified by the fixed-gain optical amplifier 112 with a pre- 

5 determined gain GO and thereafter attenuated by the ad- 
justable optical attenuator 11 3 with a predetermined fac- 
tor L. whereon the wavelength-multiplexed signal out- 
putted from the adjustable optical attenuator Is again 
amplified by the fixed-gain optical amplifier 114 with a 

10 predetermined gain G1 . 

[0053] The attenuation factor L is determined as fol- 
lows. The optical filter 115 extracts a part of the power 
of the wavelength kn from the amplified wavelength- 
multiplexed signal, the output of the optical filter being 

15 inputted to the adjustable optical attenuator control cir- 
cuit 116. which responds thereto by controlling the at- 
tenuation factor L of the adjustable optical attenuator 
113 so that the power of the frequency fs contained in 
the extracted power of the wavelength An becomes con- 

20 stant. In this way. the repeater gain for the wavelength 
kn can be maintained constant independently of the 
number of wavelengths. In general, the optical amplify- 
ing medium employed for amplifying the wavelength- 
multiplexed light signal such as e.g. the optical fiber am- 

25 plifier doped with rare-earth element(s). semiconductor 
optical amplifier or the like exhibits homogeneous char- 
acteristics. This means that the gain fixed for a given 
wavelength Is also fixed for the other wavelengths. 
Thus, there can be realized stable amplification charac- 

30 teristics which exhibit no dependency on the number of 
wavelengths. 

[0054] In the case of the optical amplifying/repeating 
transmission system according to the instant embodi- 
ment of the invention, the remote monitor/control circuit 

35 108 which serves as the control signal generating 
means is designed to generate the control signal by 
modulating the light intensity outputted from the trans- 
mitter 106. It should however be understood that the re- 
mote monitor/control circuit 108 may be so arranged as 

40 to generate a control signal of a specific frequency and 
superpose it on a given one of the plural light signals 
(control signal superposing means). 

Embodiment 9 

45 

[0055] Figure 9 is a block diagram showing a config- 
uration of an optical amplifying/repeating transmission 
system according to a ninth embodiment of the inven- 
tion. In Fig. 8, reference numeral 108 denotes a remote 

50 monitor/control circuit, numeral 109 denotes an optical 
coupling device, numeral 110 denotes an optical 
branching device, numeral 111 denotes a light signal 
branching device, numeral 118 denotes a monitor/con- 
trol circuit, numeral 119 denotes a monitoring signal 

55 sender, numeral 120 denotes an optical coupling de- 
vice, numeral 121 denotes an optical branching device, 
and reference numeral 126 denotes an optical attenua- 
tor control circuit). 
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[0056] Operation of the optical amplifying/repeating 
transmission system will now be described. The remote 
monitor/control circuit 108 seives not only for modula- 
tion of the light signal intensity outputted from the trans- 
mitter 106 with the frequency fs but also for measuring 
the power of the light signal of wavelength Xn contained 
in the wavelength-multiplexed signal and branched by 
the optical branching device 110, to thereby superpose 
the information carried by the light signal of the wave- 
length >.n on the monitoring light signal ks. Thus, the 
remote monitor/control circuit of the optical amplifying/ 
repeating transmission system according to the instant 
embodiment of the invention serves not only as the con- 
trol signal generating means but also as the control sig- 
nal superposing means and the monitor signal transmit- 
ting means. The optical coupling device 1 09 is designed 
to multiplex the monitoring light signal >.s with the light 
signals with low loss. In the optical repeater 1 02a. mon- 
itoring light signal ks is extracted through the light signal 
branching device 111 and received by the optical repeat- 
er gain control means to be subsequently supplied to 
the monitor control/circuit 118. which in turn is so de- 
signed as to control operation of the gain control system 
which is constituted by the adjustable optical attenuator 
113 and the adjustable optical attenuator control circuit 
116. More specifically, the monitor/control circuit allows 
operation of the gain control system so long as the pow- 
er of the light signal of wavelength Xn is normal while 
suspending the operation of the gain control system by 
holding the attenuation factor of the adjustable optical 
attenuator 113 to be constant when the power of the 
wavelength kn is abnormal. By virtue of this arrange- 
ment, the gain of the optical repeater 102a is prevented 
from being set to an erroneous value even when the 
power of the light signal of wavelength >.n lowers due to 
so-called age deterioration or the like cause. 

Embodiment 10 

[0057] The frequency fs with which the light signal in- 
tensity outputted from the transmitter 106 is modulated 
by the remote monitor/control circuit 108 should be set 
to a large value at which vahation in the gain of the fixed- 
gain optical amplifiers 112; 114 does not occur. More 
specifically, in the case of the optical fiber doped with 
rare-earth element(s) used conventionally as the optical 
amplifying medium in which erbium is employed as the 
laser medium, the life of light quantum or photon is 10 
s. Accordingly, it is sufficient to set the frequency fO at 
several tens kHz or higher. Thus, according to the teach- 
ing of the invention incarnated in the tenth embodiment, 
the frequency fs is set at 100 kHz or higher in order to 
ensure stable amplification characteristics for the fixed- 
gain optical amplifier 112; 114 by preventing variation of 
the gains of these amplifiers. 



Embodiment 11 



[0058] In conjunction w\th Ihe tenth embodiment, de- 
scription has been made as to the measure for coping 
5 with such situation that the power of light signal of wave- 
length kn employed as the control light for control&ng 
the gain of the optical repeater becomes anomalous. On 
the other hand, it is also conceivable that the light signal 
of the wavelength Xn is suddenly interrupted for some 
10 reason. In that case, there arises necessity of messag- 
ing the sudden interruption even to the terminal stations 
101a and 1 01b with the monitoring light signal ks before 
the light signal of wavelength kn interrupted reaches at 
the terminal stations. In this conjunction, it is noted that 

15 the optical fibers 103a 103c present a group speed 

which differs in dependence on the wavelengths. By 
way of example, a light signal of 1.3 um in wavelength 
propagates more speedily that a light signal of 1 .55 
in wavelength by 2.2 ns per kilometer. Accordingly, by 
20 setting the wavelength of the monitonng light signal to 
e.g. 1 .3 um which is shorter than that of light signal used 
ordinarily whose wavelength is 1.15 lam. the operating 
state control of the gain control system can be per- 
formed owing to the availability of the monitoring light 
25 signal Xs even in the event that the power of wavelength 
kn is Interrupted for some reason. 

Embodiment 12 

30 [0059] Figure 10 is a block diagram showing a config- 
uration of an optical amplifying repeater apparatus ac- 
cording to a twelfth embodiment of the invention. In Fig. 
10. reference numeral 603 denotes a control light signal 
branching device for extracting a part of the power of a 
35 control light signal employed for controlling the gain of 
the optical amplifying repeater apparatus. 
[0060] Operation of the optical amplifying repeater 
apparatus according to the instant embodiment of the 
invention will be described. The inputted wavelength- 
40 multiplexed signals a1 ; >.n are first amplified by the first 
fixed-gain optical amplifier 1 with a predetermined gam 
GO to be subsequently inputted to the control light signal 
branching device 603. which is designed to extract a 
part of the power of the control light >.c. Major parts of 
45 the powers of the light signals of the other wavelengths 
and that of the control light Xc are inputted to the adjust- 
able optical attenuator 3 with low loss. On the other 
hand, the adjustable attenuator control circuit 6 is de- 
signed to control the attenuation factor of the adjustable 
50 optical attenuator 3 so that the power outputted from the 
control light signal branching device 603 remains con- 
stant. The wavelength-multiplexed-light signals >v1; kn 
outputted from the adjustable optical attenuator 3 are 
again amplified by the second fixed-gain optical amplt- 
55 fier 4 with a constant gain G1. Through the operation 
described above, the gain of the optical amplifying re- 
peater apparatus for a specific wavelength can be de- 
termined. Thus, by using a substantially homogeneous 
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medium such as the semiconductor amplifier, the optical 
fiber doped with rare-earth element(s) or the like as the 
optical amplifying medium, the gain for the other wave- 
lengths is fixed. In other words, there can be realized 
the optical amplifying repeater apparatus having the 
gain which is independent of change of the number of 
wavelengths. 

[0061] The monitor/control circuit 1 7 plays the roll de- 
scribed below. When the power of the received light sig- 
nal becomes lower than a predetermined value, the 
monitor/control circuit 17 stops the amplifying action of 
the first fixed-gain optical amplifier 1 and the second 
fixed-gain optical amplifier 4 while suppressing surge 
phenomenon which takes place upon recovery of the 
received signal. 

Embodiment 13 

[0062] Figure 11 is a block diagram showing a config- 
uration of an optical amplifying repeater apparatus ac- 
cording to a thirteenth embodiment of the invention. In 
Fig. 11. reference numeral 26 denotes an optical atten- 
uator control circuit designed to serve also as the output 
break circuit. In the case of the optical amplifying repeat- 
er apparatus according to the instant embodiment of the 
invention, the optical attenuator control circuit 26 is also 
imparted with the function for controlling the amplifying 
action of the second fixed-gain optical amplifier 4. 
[0063] In operation of the optical amplifying repeater 
apparatus, the optical attenuator control circuit 26 
serves not only for controlling the attenuation factor of 
the adjustable optical attenuator 3 so that the power out- 
putted from the control light signal branching device 603 
is constant but also for stopping the amplification oper- 
ation of the second fixed-gain optical amplifier 4 when 
the power outputted from the control light signal branch- 
ing device 603 becomes lower than a predetermined 
level (output break circuit). By virtue of this function, it 
is possible to prevent the output power of the second 
fixed-gain optical amplifier 4 from increasing abnormally 
even when the control light is interrupted for some 
cause. 

INDUSTRIAL APPLICABILITY 

[0064] The optical amplifying repeater apparatus ac- 
cording the present invention includes an input port to 
which a plurality of light signals multiplexed in wave- 
length are inputted, a first fixed-gain optical amplifier for 
amplifying the wavelength-multiplexed light signals in- 
putted through the input port with a predetermined gain, 
an adjustable optical attenuator for attenuating the 
wavelength-multiplexed light signals by a predeter- 
mined factor after amplification through the first fixed- 
gain optical amplifier, an optical demultiplexerfordemul- 
tiplexing the wavelength-multiplexed light signals out- 
putted from the adjustable optical attenuator into a plu- 
rality of individual light signals of discrete wavelengths. 



respectively, fixed-gain optical amplifiers #1 ; #n for am- 
plifying the plurality of individual wavelength-demulti- 
plexed light signals outputted from the optical demulti- 
plexer with a predetermined gain, a monitoring light 

5 branching device connected to one of outputs of the sec- 
ond fixed-gain optical amplifiers #1; #n for extracting a 
part of a specific monitoring light signal, an optical mul- 
tiplexer for multiplexing the individual light signals out- 
putted from the second fixed-gain optical amplifiers #1 ; 

10 #n. respectively, for thereby outputting multiplexed light 
signals, and an adjustable attenuator control circuit for 
detecting output power of the monitoring light branching 
device to thereby control the attenuation factor of the 
optical attenuator so that the detected output power as- 

15 sumes a constant value. By virtue of the arrangement 
described above, there can be provided the optical am- 
plifying repeater apparatus whose gain exhibits essen- 
tially no dependency on the change of the number of 
wavelengths. In other words, the optical amplifying re- 

20 peater apparatus having the communication quality 
which is essentially insusceptible to the change in the 
number of the wavelengths can be realized. In the opti- 
cal amplifying repeater apparatus described above, 
there may be adopted such a system in which a tone 

25 signal of a specific frequency is superposed on the mon- 
itoring light, wherein the tone signal is extracted in the 
optical attenuator control circuit for the purpose of elim- 
inating the influence of noise. 

[0065] Further, the optical amplifying repeater appa- 

30 ratus according to the present invention includes an in- 
put port to which a plurality of light signals multiplexed 
in wavelength are inputted, a first fixed-gain optical am- 
plifier for amplifying the wavelength-multiplexed light 
signals inputted through the input port with a predeter- 

35 mined gain, an optical demultiplexer connected to out- 
put of the first fixed-gain optical amplifier for demulti- 
plexing the wavelength-multiplexed light signals into a 
plurality of individual light signals of respective wave- 
lengths, adjustable optical attenuators #1; #n foratten- 
uating the outputs of the optical demultiplexers, respec- 
tively, by a predetermined factor, fixed-gain optical am- 
plifiers #1 : #n for amplifying the plurality of light signals 
outputted from the adjustable optical attenuators with a 
predetermined gain, monitoring light branching devices 

'fS connected to outputs of the fixed-gain optical amplifiers 
#1 ; #n for extracting parts of specific monitoring light sig- 
nals #1; #n. respectively, an optical multiplexer for mul- 
tiplexing the outputs of the fixed-gain optical amplifiers 
#1; #n to thereby output multiplexed light signals, and 

50 adjustable attenuator control circuits #1 : #n for detecting 
output powers of the monitoring light branching devices 
to thereby control the attenuation factor of the optical 
attenuators so that each of the detected output powers 
assumes a constant value. Owing to the arrangement 

55 described above, the gains of the optical amplifying re- 
peater apparatus for the monitoring light wavelengths 

Ain Ann in the specific band can be determined. 

Thus, by employing as the optical amplifying medium a 
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substantially homogeneous medium such as a semi- 
conductor amplifier, an optical fiber doped with a rare- 
earth element or the like, the gains for the other wave- 
lengths can be fixed, whereby the optical amplifying re- 
peater apparatus whose gain exhibits substantially no 
dependency on the change in the number of the wave- 
lengths can be realized. 

[0066] In the optical amplifying repeater apparatus 
described above, the first fixed-gain optical amplifier in- 
cludes an optical fiber serving as a transmission line, a 
pumping light source for inducing stimulated Raman 
amplifying action internally of the optical fiber in wave- 
length bands of the plurality of wavelength-multiplexed 
light signals, and an optical coupling device for coupling 
the output of the pumping light source with the plurality 
of wavelength-multiplexed light signals. With the ar- 
rangement described above, the pumping light source 
activating the stimulated Raman amplifying operation is 
difficult to be subjected to gain saturation when com- 
pared with the semiconductor amplifier and the optical 
fiber doped with a rare-earth element and is capable of 
performing substantially linear operation up to the out- 
put power substantially equal to the pumping light pow- 
er. In other words, the stimulated Raman amplifier is the 
most suitable amplifying medium to be used as the first 
fixed-gain optical amplifier. Thus, ideal operation of the 
first fixed-gain optical amplifier 1 can be realized. 
[00671 Further, in the optical amplifying repeater ap- 
paratus described above, the first fixed-gain optical am- 
plifier includes an optical fiber doped with a rare-earth 
element or alternatively a transition metal, a pumping 
light source for inducing amplifying action under stimu- 
lated emission internally of the optical fiber in wave- 
length bands of the plurality of wavelength-multiplexed 
light signals, and an optical coupling device for coupling 
the output of the pumping light source with the plurality 
of wavelength-multiplexed light signals, wherein the op- 
tical fiber doped with the rare-earth element or alterna- 
tively the transition metal is operative in an unsaturated 
region. Thus, by using the pumping light source of suf- 
ficiently high output power, constant gain can be en- 
sured for the optical amplifying repeater apparatus in- 
dependently of the number of the wavelengths as well 
as variance of loss in the transmission line. 
[0068] Further, in the optical amplifying repeater ap- 
paratuses described above, the fixed-gain optical anv 
plifier #1; #n includes an optical amplifying unit com- 
posed of an optical fiber doped with a rare-earth element 
or alternatively a transifion metal and a pumping light 
source for stimulating the rare-earth element or alterna- 
tively the transition metal to thereby bring about stimu- 
lated emission, a compensating light source for gener- 
ating compensating light having a wavelength within an 
amplified wavelength band of the optical amplifying unit, 
an compensating light coupling device for coupling the 
compensating light with the plurality of wavelength-mul- 
tiplexed light signals, a compensating light branching 
device for separating mutually the compensating light 



and the plural wavelength-multiplexed light signals con- 
tained in the output of the optical amplifying unit, and a 
compensating light control circuit for controUmg output 
power of the compensating light source such that ratio 
5 between power of the compensating light outputted from 

the compensating light branching device and power of 
the compensating light outputted from the compensat- 
ing light source assumes a predetermined standard val- 
ue With the arrangement described above, the gam of 
10 the fixed-gain optical amplifiers #1 #n at the wave- 
length of the compensating light can be regulated to be 
constant. Thus, for the doped fiber 1 having homogene- 
ous characteristics, constant gain can be ensured for all 
the wavelength bands for amplification. 
15 [0069] Furthermore, in the optical amplifying repeater 
apparatuses described above, the fixed-gain optical 
amplifier #1 ; #n includes an optical amplifying unit com- 
posed of an optical fiber doped with a rare-earth element 
or alternatively a transition metal and a pumping light 
20 source for stimulating the rare-earth element or alterna- 
tively the transition metal to thereby bring about stimu- 
lated emission, and a compensating light control circuit 
for controlling output power of the compensating light 
source such that power of spontaneously emitted light 
25 outputted from the optical amplifying unit assumes a 
predetermined standard value. With the arrangement 
described above, constant gain can be ensured inde- 
pendently of the number of the signal wavelengths in- 
jected or inputted to the optical fiber, since the gain of 
30 the optical fiber is in proportion to the power of sponta- 
neously emitted light. 

[0070] Furthermore, in the optical amplifying repeater 
apparatuses described above, the fixed-gain optical 
amplifier #1; #n includes an adjustable optical attenua- 
35 tor #1 ■: #n' inserted at an input or output side, whereby 
a means for changing the attenuation factor of the ad- 
justable optical attenuator #1': #n' in dependence on 
ambient temperature is implemented. With such ar- 
rangement, the gain of the optical fiber for the longest 
40 wave decreases as the temperature increases while the 
former increases as the latter decreases, whereby the 
gain-wavelength charactenstic in the longest wave re- 
gion can be maintained to be substantially constant. Be- 
sides, the absolute value of the gain can be held essen- 
45 tially constant. 

[0071] Additionally, the optical amplifying/repeating 
transmission system according to the present invention 
includes a plurality of transmitters for sending out light 
signals of wavelengths differing one another and carry- 
so ing information, a plurality of receivers for receiving the 
plurality of light signals of mutually different wave- 
lengths, and a plurality of optical repeaters installed be- 
tween the transmitters and the receivers for amplifying 
the plurality of light signals, and opfical fibers intercon- 
55 necting the transmitters and the optical repeater, the plu- 
rality of optical repeaters, and the optical repeater and 
the receivers, respectively, wherein the optical amplify- 
ing/ repeating transmission system further includes a 
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control signal superposing means for superposing a 
control signal of a specific frequency onto one of the plu- 
ral light signals, a control signal level detecting means 
connected to the output of the optical repeater for ex- 
tracting a part of output power of the optical repeater to 
thereby detect power of the control signal, and an optical 
repeater gain control means for controlling gain of the 
optical repeater so that level of the control signal detect- 
ed by the control signal level detecting means remains 
constant. Thus, there is realized the optical amplifying/ 
repeating transmission system which can ensure a con- 
stant gain independently of the power of the input signal 
and the number of the wavelengths thereof. 
[0072] Moreover, the optical amplifying/repeating 
transmission system according to the present Invention 
includes a plurality of transmitters for sending out light 
signals of wavelengths differing one another and carry- 
ing information, a plurality of receivers for receiving the 
plurality of light signals of mutually different wave- 
lengths, and a plurality of optical repeaters installed be- 
tween the transmitters and the receivers for amplifying 
the plurality of light signals, and optical fibers intercon- 
necting the transmitters and the optical repeater, the plu- 
rality of optical repeaters, and the optical repeater and 
the receivers, respectively, wherein the optical amplify- 
ing/ repeating transmission system further includes a 
control signal generating means for modulating one of 
the plural light signals with a control signal of a specific 
frequency, a control signal level detecting means con- 
nected to the output of the optical repeater for extracting 
a part of output power of the optical repeater to thereby 
detect power of the control signal, and an optical repeat- 
er gain control means for controlling gain of the optical 
repeater so that level of the control signal detected by 
the control signal level detecting means remains con- 
stant. By virtue of the arrangement described above, 
there is realized the optical amplifying/repeating trans- 
mission system which can ensure a constant gain inde- 
pendently of the power of the input signal and the 
number of the wavelengths thereof. 
[0073] Further, the optical amplifying/repeating trans- 
mission system according to the present invention in- 
cludes a plurality of transmitters for sending out light sig- 
nals of wavelengths differing one another and carrying 
Information, a plurality of receivers for receiving the plu-, 
rality of fight signals of mutually different wavelengths, 
and a plurality of optical repeaters installed between the 
transmitters and the receivers for amplifying the plurality 
of light signals, and optical fibers interconnecting the 
transmitters and the optical repeater, the plurality of op- 
tical repeaters, and the optical repeater and the receiv- 
ers, respectively, wherein the optical amplifying/ repeat- 
ing transmission system includes a control signal super- 
posing means for superposing a control signal of a spe- 
cific frequency onto one of the plural light signals, a con- 
trol signal level detecting means connected to the output 
of the optical repeater for extracting a pa rt of output pow- 
er of the optical repeater to thereby detect power of the 



control signal, and an optical repeater gain control 
means for controlling gain of the optical repeater so that 
level of the control signal detected by the control signal 
level delecting means remains constant, a monitor sig- 

5 nal transmitting means for supplying transmission level 
of the control signal to the optical repeater, and a mon- 
itor/control means for receiving a monitoring signal sup- 
plied from the monitor signal transmitting means to 
thereby enable the optical repeater gain control means 

10 to operate when the level of the control signal is normal 
while disabling operation of the optical repeater gain 
control means with the gain thereof being held when the 
level of the control signal is abnormal. Thus, with the 
arrangement described above, the monitor/ control cir- 

15 cuit allows operation of the gain control system so long 
as the power of the light signal of wavelength kn is nor- 
mal while suspending the operation of the gain control 
system by holding the attenuation factor of the adjusta- 
ble optical attenuator to be constant when the power of 

20 the above wavelength is abnormal. By virtue of this fea- 
ture, the gain of the optical repeater is prevented from 
being set to an erroneous value even when the power 
of the light signal of wavelength kn lowers due to age 
deterioration or the like cause. 

25 [0074] Furthermore, the optical amplifying/repeating 
transmission system according to the present invention 
includes a plurality of transmitters for sending out light 
signals of wavelengths differing one another and carry- 
ing information, a plurality of receivers for receiving the 

30 plurality of light signals of mutually different wave- 
lengths, and a plurality of optical repeaters Installed be- 
tween the transmitters and the receivers for amplifying 
the plurality of light signals, and optical fibers Intercon- 
necting the transmitters and the optical repeater, the plu- 

35 rality of optical repeaters, and the optical repeater and 
the receivers, respectively, wherein the optical amplify- 
ing/ repeating transmission system further includes a 
control signal generating means for modulating one of 
the plural light signals with a control signal of a specific 

40 frequency, a control signal level detecting means con- 
nected to the output of the optical repeater for extracting 
a part of output power of the optical repeater to thereby 
detect power of the control signal, and an optical repeat- 
er gain control means for controlling gain of the optical 

45 repeater so that level of the control signal detected by 
the control signal level detecting means remains con- 
stant, a monitor signal transmitting means for supplying 
transmission level of the control signal to the optical re- 
peater, and a monitor/control means for receiving a 

50 monitoring signal supplied from the monitor signal trans- 
mitting means to thereby enable the optical repeater 
gain control means to operate when the level of the con- 
trol signal Is normal while disabling operation of the op- 
tical repeater gain control means with the gain thereof 

55 being held when the level of the control signal is abnor- 
mal. Thus, with the arrangement described above, the 
monitor/ control circuit allows operation of the gain con- 
trol system so long as the power of the light signal of 
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wavelength Xn is normal while suspending the operation 
of the gain control systenn by holding the attenuation fac- 
tor of the adjustable optical attenuator to be constant 
when the power f^-^ the above wavelength is abnormal. 
By virtue ^ the gain of the optical repeater 

can be preveni-d rrom being set to an erroneous value 
even when the power of the light signal of wavelength 
kn lowers due to age deterioration or the like cause. 
[0075] In the optical communication system de- 
scribed above, the optical repeater gain control means 
is composed of an adjustable optical attenuator and a 
means for controlling the adjustable optical attenuator. 
Owing to this arrangement, there can be implemented 
the optical amplifying/ repeating transmission system 
which ensure a constant gain independently of the input 
signal power or the number of the wavelengths thereof 
with a simplified structure. 

[0076] Further, in the optical communication system 
described above, the control signal has a frequency 
higher than 100 kHz inclusive thereof. By virtue of this 
feature, stable amplification characteristics can be en- 
sured for the fixed-gain optical amplifier without inducing 

variation thereof. 

[0077] Furthermore, in the optical communication 
system described above, the monitoring signal has a 
wavelength shorter than those sent outfrom the plurality 
of transmitters. By virtue of this feature, the operating 
state control of the gain control system can be per- 
formed even in the event that the power of wavelength 
>.n is interrupted for some reason. 
[0078] Moreover, the optical amplifying repeater ap- 
paratus for amplifying a plurality of wavelength-multi- 
plexed light signals according to the present invention 
includes a first fixed-gain optical amplifier for amplifying 
a plurality of wavelength-multiplexed light signals input- 
ted thereto with a predetermined gain . a control light sig- 
nal branching device for extracting a part of power of a 
control wavelength contained in the output of the first 
fixed-gain optical amplifier, an adjustable optical atten- 
uator for attenuating the output of the first fixed-gam op- 
tical amplifier by a predetermined factor, an adjustable 
attenuator control circuit for detecting output power of 
the control light signal branching device to thereby con- 
trol the attenuation factor of the adjustable optical atten- 
uator so that the detected output power remains con- 
stant, and a second fixed-gain optical amplifier connect- 
ed to output of the adjustable optical attenuator for am- 
plifying the plural wavelength-multiplexed light signal in- 
putted to the second fixed-gain optical amplifier with a 
predetermined gain. With the above arrangement, there 
can be realized the optical amplifying repeater appara- 
tus having the gain which is independent of change of 
the number of wavelengths. 

[0079] In the optical amplifying repeater apparatus 
described above further, an output breaking circuit for 
stopping amplifying function of the second fixed-gam 
optical amplifier upon detection of disappearance of out- 
put of the control light signal branching device is provid- 



ed With this arrangement, it is possible to prevent the 
output power of the second fixed-gain optical amplifier 
4 from increasing abnormally even in the event that the 
control light is interrupted for some cause. 



Claims 

1 . An optical amplifying repeater apparatus character- 
10 Ized in that the apparatus comprises 

an input port to which a plurality of light signals 
multiplexed in wavelength are inputted, 
a first fixed-gain optical amplifier for amplifying 
15 the wavelength-multiplexed light signals input- 

ted through said input port with a predeter- 
mined gain, 

an adjustable optical attenuator for attenuating 
the wavelength-multiplexed light signals by a 
20 predetermined factor after amplification 

through said first fixed-gain optical amplifier, 
an optical demultiplexer for demultiplexing said 
wavelength-multiplexed light signals outputted 
from said adjustable optical attenuator into a 
25 plurality of individual light signals of discrete 

wavelengths, respectively, 
fixed-gain optical amplifiers #1 ; #n for amplify- 
ing said plurality of individual wavelength-de- 
multiplexed light signals outputted from said 
30 optical demultiplexer with a predetermined 

gain, 

a monitoring light branching device connected 
to one of outputs of said second fixed-gain op- 
tical amplifiers #1 : #n for extracting a part of a 
35 specific monitoring light signal. 

an optical multiplexer for multiplexing the indi- 
vidual light signals outputted from said second 
fixed-gain optical amplifiers #1; #n. respective- 
ly, for thereby outputting multiplexed light sig- 

40 nals. and 

an adjustable attenuator control circuit for de- 
tecting output power of said monitoring light 
branching device to thereby control the attenu- 
ation factor of said optical attenuator so that 
45 said detected output power assumes a con- 

stant value. 



An optical amplifying repeater apparatus character- 
ized in that the apparatus comprises 

an input port to which a plurality of light signals 
multiplexed in wavelength are inputted, 
a first fixed-gain optical amplifier for amplifying 
■ the wavelength-multiplexed light signals input- 
ted through said input port with a predeter- 
mined gain. 

an optical demultiplexer connected to output of 
said first fixed-gain optical amplifier for demul- 



50 



55 



14 



27^ EP 1 120 925 A1 28 



tiplexing said wavelength-multiplexed light sig- 
nals into a plurality of individual light signals of 
respective wavelengths, 
adjustable optical attenuators #1; #n for atten- 
uating the outputs of said optical demultiplex- 5 
ers. respectively, by a predetermined factor, 
fixed-gain optical amplifiers #1 ; #n for amplify- 
ing said plurality of light signals outputted from 
said adjustable optical attenuators with a pre- 
determined gain. 

monitoring light branching devices connected 
to outputs of said fixed-gain optical amplifiers 
#1 ; #n for extracting parts of specific monitoring 
light signals #1; #n. respectively, 
an optical multiplexer for multiplexing the out- 15 
puts of said fixed-gain optical amplifiers #1; #n 
to thereby output multiplexed light signals, and 
adjustable attenuator control circuits #1; #n for 
detecting output powers of said monitoring light 
branching devices to thereby control the atten- 20 
uatlon factor of said optical attenuators so that 
each of said detected output powers assumes 
a constant value. 

3. An optical amplifying repeater apparatus set forth 25 
in claim 1 , characterized in that said first fixed-gain 
optical amplifier comprises 

an optical fiber serving as a transmission line, 
a pumping light source for inducing stimulated 30 
Raman amplifying action internally of said op- 
tical fiber in wavelength bands of said plurality 
of wavelength-multiplexed light signals, and 
an optical coupling device for coupling the out- 
put of said pumping light source with said plu- 35 
rality of wavelength-multiplexed light signals. 

4. An optical amplifying repeater apparatus set forth 
in claim 1 . characterized in that said first fixed-gain 
optical amplifier comprises 

an optical fiber doped with a rare-earth element 
or alternatively a transition metal, 
a pumping light source for inducing amplifying 
action under stimulated emission internally of 45 
said optical fiber in wavelength bands of said 
plurality of wavelength-multiplexed light sig- 
nals, and 

an optical coupling device for coupling the out- 
put of said pumping light source with said plu- 50 
rality of wavelength-multiplexed light signals, 
wherein said optical fiber doped with said rare- 
earth element or alternatively said transition 
metal is operative in an unsaturated region. 

55 

5. An optical amplifying repeater apparatus set forth 
in claim 1, characterized in that said fixed-gain op- 
tical amplifier #1: #n comprises 



an optical amplifying unit composed of an opti- 
ca! fiber doped with a rare-earth element or al- 
ternatively a transition metal and a pumping 
light source for stimulating said rare-earth ele- 
ment or alternatively said transition metal to 
thereby bring about stimulated emission, 
a compensating light source for generating 
compensating light having a wavelength within 
an amplified wavelength band of said optical 
amplifying unit, 

an compensating light coupling device for cou- 
pling said compensating light with said plurality 
of wavelength-multiplexed light signals, 
a compensating light branching device for sep- 
arating mutually the compensating light and the 
plural wavelength-multiplexed light signals 
contained in the output of said optical amplify- 
ing unit, and 

a compensating light control circuit for control- 
ling output power of said compensating light 
source such that ratio between power of the 
compensating light outputted from said com- 
pensating light branching device and power of 
the compensating light outputted from said 
compensating light source assumes a prede- 
termined standard value. 

6. An optical amplifying repeater apparatus set forth 

in claim 1 . characterized in that said fixed-gain op- 
tical amplifier #1 : #n comprises 

an optical amplifying unit composed of an opti- 
cal fiber doped with a rare-earth element or al- 
ternatively a transition metal and a pumping 
light source for stimulating said rare-earth ele- 
ment or alternatively said transition metal to 
thereby bring about stimulated emission, and 
a compensating light control circuit for control- 
ling output power of said compensating light 
source such that power of spontaneously emit- 
ted light outputted from said optical amplifying 
unit assumes a predetermined standard value. 

7. An optical amplifying repeater apparatus set forth 
in claim 5, characterized in that said fixed-gain op- 
tical amplifier #1; #n includes 

an adjustable optical attenuator#1': #n* insert- 
ed at an input or output side, whereby means for 
changing the attenuation factor of said adjustable 
optical attenuator #1'; #n* in dependence on ambi- 
ent temperature is implemented. 

8. An optical amplifying/repeating transmission sys- 
tem including 

a plurality of transmitters for sending out light 
signals of wavelengths differing one another 
and carrying information. 
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a plurality of receivers for receiving said plural- 
ity of light signals of mutually different wave- 
lengths, and 

a plurality of optical repeaters installed be- 
tween said transnnitters and said receivers for s 
amplifying said plurality of light signals, and 
optical fibers interconnecting said transmitters 
and said optical repeater, said plurality of opti- 
cal repeaters, and said optical repeater and 
said receivers, respectively, 

characterized in that said optical amplify- 
ing/repeating transmission system comprises 
control signal superposing means for super- 
posing a control signal of a specific frequency 
onto one of said plural light signals, 
'control signal level detecting means connected 
to the output of said optical repeater for extract- 
ing a partof output.powerof said optical repeat- 
er to thereby detect power of the control signal, 
and 

optical repeater gain control means for control- 
ling gain of said optical repeater so that level of 
the control signal detected by said control sig- 
nal level detecting means remains constant. 

25 

An optical amplifying/repeating transmission sys- 
tem including 

a plurality of transmitters for sending out light 
signals of wavelengths differing one another 30 
and carrying information, 
a plurality of receivers for receiving said plural- 
ity of light signals of mutually different wave- 
lengths, and 

a plurality of optical repeaters installed be- 35 
tween said transmitters and said receivers for 
amplifying said plurality of light signals, and 
optical fibers interconnecting said transmitters 
and said optical repeater, said plurality of opti- 
cal repeaters, and said optical repeater and 40 
said receivers, respectively. 

characterized in that said optical amplify- 
ing/repeating transmission system comprises 
control signal generating means for modulating 
one of said plural light signals with a control sig- ^5 
nal of a specific frequency, 
control signal level detecting means connected 
to the output of said optical repeater for extract- 
ing a part of output power of said optical repeat- 
er to thereby detect power of the control signal, 50 
and 

optical repeater gain control means for control- 
ling gain of said optical repeater so that level of 
the control signal detected by said control sig- 
nal level detecting means remains constant. 55 

10. An optical amplifying/repeating transmission sys- 
tem including 



30 



a plurality of transmitters for sending out light 
signals of wavelengths differing one another 
and carrying information, 
a plurality of receivers for receiving said plural- 
ity of light signals of mutually different wave- 
lengths, and 

a plurality of optical repeaters installed be- 
tween said transmitters and said receivers for 
amplifying said plurality of light signals, and 
optical fibers interconnecting said transmitters 
and said optical repeater, said plurality of opti- 
cal repeaters, and said optical repeater and 
said receivers, respectively. 

characterized in that said optical amplify- 
ing/repeating transmission system comprises 
control signal superposing means for super- 
posing a control signal of a specific frequency 
onto one of said plural light signals, 
control signal level detecting means connected 
to the output of said optical repeater for extract- 
ing a part of output power of said optical repeat- 
er to thereby detect power of the control signal, 
and 

optical repeater gain control means for control- 
ling gain of said optical repeater so that level of 
the control signal detected by said control sig- 
nal level detecting means remains constant, 
monitor signal transmitting means for supplying 
transmission level of said control signal to said 
optical repeater, and 

monitor/control means for receiving a monitor- 
ing signal supplied from said monitor signal 
transmitting means to thereby enable said op- 
tical repeater gain control means to operate 
when said level of said control signal is normal 
while disabling operation of said optical repeat- 
er gain control means with the gain thereof be- 
ing held when said level of said control signal 
is abnormal. 

An optical amplifying/repeating transmission sys- 
tem including 

a plurality of transmitters for sending out light 
signals of wavelengths differing one another 
and carrying information, 
a plurality of receivers for receiving said plural- 
ity of light signals of mutually different wave- 
lengths, and 

a plurality of optical repeaters installed be- 
tween said transmitters and said receivers for 
amplifying said plurality of light signals, and 
optical fibers interconnecting said transmitters 
and said optical repeater, said plurality of opti- 
cal repeaters, and said optical repeater and 
said receivers, respectively. 

characterized in that said optical amplify- 
ing/repeating transmission system comprises 



16 



EP 1 120 925 A1 



32 



control signal generating nneans for modulating 
one of said plural light signals with a control sig- 
nal of a specific frequency, 
control signal level detecting means connected 
to the output of said optical repeater for extract- 5 
ing a part of output power of said optical repeat- 
er to thereby detect power of the control signal, 
and 

optical repeater gain control means for control- 
ling gain of said optical repeater so that level of io 
the control signal detected by said control sig- 
nal level detecting means remains constant, 
monitor signal transmitting means forsupplying 
transmission level of said control signal to said 
optical repeater, and ^5 
monitor/control means for receiving a monitor- 
ing signal supplied from said monitor signal 
transmitting means to thereby enable said op- 
tical repeater gain control means to operate 
when said level of said control signal is normal 20 
while disabling operation of said optical repeat- 
er gain control means with the gain thereof be- 
ing held when said level of said control signal 
is abnormal. 

25 

12. An optical communication system set forth in claim 
8, characterized in that said optical repeater gain 
control means is comprised of an adjustable optical 
attenuator and means for controlling said adjusta- 
ble optical attenuator. 



ation factor of said adjustable optical attenuator 
so that said detected output power remains 
constant, and 

a second fixed-gain optical amplifier connected 
to output of said adjustable optical attenuator 
for amplifying the plural wavelength-multi- 
plexed light signal inputted to said second 
fixed-gain optical amplifier with a predeter- 
mined gain. 

16. An optical amplifying repeater apparatus 
set forth in claim 15, characterized in that the 
apparatus further comprises an output break- 
ing circuit for stopping amplifying function of 
said second fixed-gain optical amplifier upon 
detection of disappearance of output of said 
control light signal branching device. 



13. An optical communication system set forth in claim 
8. characterized in that said control signal has a fre- 
quency higher than 100 kHz inclusive thereof. 

35 

14. An optical communication system set forth in claim 
10. characterized in that said monitoring signal has 
a wavelength shorter than those sent out from said 
plurality of transmitters. 

40 

15. An optical amplifying repeater apparatus for ampli- 
fying a plurality of wavelength-multiplexed light sig- 
nals, comprising 

a first fixed-gain optical amplifier for amplifying 
a plurality of wavelength-multiplexed light sig- 
nals inputted thereto with a predetermined 
gain, 

a control light signal branching device for ex- 
tracting a part of power of a control wavelength 50 
contained in the output of said first fixed-gain 
optical amplifier. 

an adjustable optical attenuator for attenuating 
the output of said first fixed-gain optical ampli- 
fier by a predetermined factor. 55 
an adjustable attenuator control circuit for de- 
tecting output power of said control light signal 
branching device to thereby control the attenu- 
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